We have tested the hypothesis that intubation success rates, haemodynamic changes, airway complications and postoperative pharyngolaryngeal morbidity differ between blind and lightwandguided intubation through the intubating laryngeal mask airway. One hundred and twenty paralysed anaesthetised adult patients (ASA I±II, no known or predicted difficult airways) were assigned in a random manner to one of two equal-sized groups. In the blind group, patients were intubated blindly through the intubating laryngeal mask airway. In the lightwand group, patients were intubated through the intubating laryngeal mask airway assisted by transillumination of the neck with a lightwand. A standard sequence of adjusting manoeuvres was followed if resistance occurred during intubation or if transillumination was incorrect. The number of adjusting manoeuvres, time to intubation, intubation success rates, haemodynamic changes (pre-induction, pre-intubation, postintubation), oesophageal intubation, mucosal trauma (blood detected), hypoxia (oxygen saturation , 95%) and postoperative pharyngolaryngeal morbidity (double-blinded) were documented. Overall intubation success was similar (blind, 93%; lightwand, 100%), but time to successful intubation was significantly shorter (67 vs. 46 s, p 0.027) and the number of adjusting manoeuvres was significantly fewer (p 0.024) in the lightwand group. There were no significant differences in blood pressure or heart rate between the groups at any time. Oesophageal intubation occurred more frequently in the blind group (18 vs. 0%, p 0.002). The incidence and severity of mucosal injury, sore throat and hoarseness were similar between the groups. We conclude that lightwand-guided intubation through the intubating laryngeal mask is superior to the blind technique.
The intubating laryngeal mask (ILM) is a modified laryngeal mask airway that facilitates blind [1±3], lightwand- [4] or fibreoptic-guided [5] tracheal intubation. First time and overall success rates for the blind technique are 50±93% and 96±97% [1±3, 5] , for the lightwand technique are 42 and 100% [4] and for the fibreoptic technique are 93 and 97% [5] , respectively. A comparative study by Joo and Rose showed that first time and overall success rates were similar for the blind and fibreopticguided techniques [5] . In this study, we tested the hypothesis that intubation success rates, haemodynamic changes, airway complications and postoperative pharyngolaryngeal morbidity differ between blind and lightwand-guided intubation through the intubating laryngeal mask airway.
Methods
With ethics committee approval and informed consent, 120 ASA physical status class I or II patients requiring intubation for elective surgery were enrolled in the study. Patients were not studied if they were less than 18 years q 2000 Blackwell Science Ltd q 2000 Blackwell Science Ltd old, had cardiorespiratory or cerebrovascular disease, a sore throat within 10 days, were at risk of aspiration, required head and neck surgery, had a known difficult airway or were Samsoon and Young grade 4 [6, 7] , or were considered otherwise unsuitable for the ILM. Patients were assigned in a random manner to one of two equal-sized groups (n 60 each). In the ILM-BL group, patients were blindly intubated through the ILM. In the ILM-LW group, patients were intubated through the ILM using a lightwand as a guide. A straight silicone tracheal tube (reusable reinforced tracheal tube, 7.0 mm i.d., Portex, Keene, NH, USA) was used in all patients in both groups. All tracheal tubes and the ILMs were lubricated with 10% lidocaine jelly before use.
Mallampati score [7] , thyromental and sternomental distances were measured pre-operatively. Premedication was with diazepam 5 mg orally and roxatidine 75 mg orally, < 1.5 h pre-operatively. Monitoring was applied pre-induction and included an electrocardiograph, pulse oximeter, gas analyser, noninvasive blood pressure monitor (BP508, Nippon Colin Co. Ltd, Tokyo, Japan) and peripheral nerve stimulator. Patients were in the supine position with the head on a standard pillow, 7 cm in height. Oxygen was administered via a face mask for 5 min. Lidocaine 0.5 mg.kg 21 was given intravenously (to reduce pain) and anaesthesia was induced 30 s later with propofol 2.5 mg.kg 21 intravenously and maintained with sevoflurane 2% in oxygen and nitrous oxide 66% until intubation was attempted. Muscle relaxation was with vecuronium 0.1 mg.kg 21 intravenously. Patients' lungs were ventilated via an anaesthesia mask for 5 min until the train-of-four (TOF) count was zero. All intubation procedures were performed by a single anaesthetist (S.K.) who had experience of over 250 ILM intubations using both techniques. The ILM was inserted using a one-handed rotational technique with the head± neck in the neutral position [8] . A size 3 ILM was used for short adults (, 160 cm), a size 4 ILM for average-height adults (160±170 cm) and a size 5 ILM for tall adults (. 170 cm). The cuff was inflated with air (size 3: 20 ml; size 4: 30 ml; size 5: 40 ml) and the position was maintained for intubation by holding the handle. In the ILM-BL group, a silicone tracheal tube was placed in the ILM tube and advanced to 1 cm beyond the epiglottic elevator bar. Intubation was then attempted by gently advancing the tube. If resistance was felt, the tracheal tube was withdrawn to 1 cm beyond the epiglottic elevator bar and the following adjusting manoeuvres were applied in sequence before each additional intubation attempt: (i) pulling the handle back towards the intubator (extension manoeuvre); (ii) withdrawal of the ILM by 5 cm followed by reinsertion (up-down manoeuvre); (iii) manual ventilation performed and the position of the ILM adjusted until the optimal seal was obtained (optimisation manoeuvre); and (iv) flexing the neck and extending the head (head±neck manoeuvre). Ventilation through the ILM was not attempted until the third adjusting manoeuvre.
In the ILM-LW group, a straight silicone tracheal tube was mounted on the lightwand (Trachlighte, Laerdal Medical Corporation, Wappingers Falls, NY, USA) without the inner metal guide. The soft, luminous tip of the lightwand was positioned 0.5 cm beyond the distal tip of the tracheal tube. Immediately after insertion of the ILM using the above technique, the tracheal tube with the lightwand was inserted through the ILM. Room illumination was reduced and signs of the light were observed in the anterior part of the patient's neck. The detection of a distinct central point of light without a halo at the cricothyroid membrane was taken as evidence that the ILM cuff was correctly placed around the laryngeal inlet. If correct transillumination was not observed, or resistance was felt through the tracheal tube or the light point was seen moving laterally when advanced, the above adjusting manoeuvres were applied and intubation was re-attempted.
If no resistance was felt, the tube was advanced by 8 cm, the cuff was inflated and the breathing system was reconnected. In the ILM-LW group, the presence or absence of the light point at the sternal notch was noted. Correct placement was confirmed by capnography. Oesophageal intubation was diagnosed if there was no capnographic trace and the tube was withdrawn for another attempt. Five minutes after successful tracheal intubation the ILM was removed using a stabilising rod. All tracheal tubes and the ILMs were lubricated with 10% lidocaine jelly before use. Once tracheal placement was confirmed, the cuff volume was adjusted so that no air leakage was obtained at 30 cmH 2 O inspiratory pressure. Tracheal intubation was considered to have failed if it could not be accomplished within 3 min, or if all adjusting manoeuvres had failed. If intubation via the ILM failed, intubation proceeded with a Macintosh laryngoscope and the Cormack and Lehane score [9] was documented. These patients were not included in the haemodynamic or postoperative data analysis.
The following data were collected by an unblinded observer: grade of anaesthesia mask ventilation (easy, Guedel airway not required; moderate, Guedel airway required; difficult, Guedel airway plus jaw thrust required; failed, failure to ventilate, alternative technique required); number of adjusting manoeuvres; intubation time (from ILM insertion to capnographic confirmation); frequency of oesophageal intubation; mucosal trauma (blood detected on the ILM); lip or dental injury; and hypoxia (S p o 2 , 95%). Noninvasive blood pressure and heart rate were recorded immediately pre-induction, immediately pre-intubation and every minute for the first 5 min following successful intubation. End-tidal sevoflurane and carbon dioxide concentrations were recorded immediately before intubation.
Pharyngolaryngeal morbidity was assessed 18±24 h postoperatively by an investigator blinded to the method of intubation. Sore throat and hoarseness were graded on an established 4-point scale [10] . Sore throat was graded as: none, no sore throat; mild, less severe than with a cold; moderate, similar to that noted with a cold; severe, more severe than with a cold. Hoarseness was graded as: none, no hoarseness; mild, noted by a patient; moderate, obvious to observer; severe, aphonia.
Descriptive data were tested using a two-tailed independent t-test. Heart rate and blood pressure values were tested using anova repeated measures. Pairwise comparison of the mean values was assessed by Bonferroni±Dunn test. The Mann±Whitney U-test was used for the scored data. Unless noted otherwise, data are presented as mean (SD). Significance was taken as p , 0.05.
Results
Demographic and airway assessment data were similar between the groups (Table 1) . Anaesthesia mask ventilation was graded as easy in all patients. ILM insertion was successful at the first attempt in all patients. Intubation and postoperative data are presented in Table 2 . Overall intubation success was similar between groups, but the time to successful intubation was significantly shorter (p 0.027) and the number of adjusting manoeuvres were significantly fewer (p 0.024) in the ILM-LW group. All failed-intubation patients (all from the ILM-BL group, n 4) were intubated successfully with laryngoscopy at the first attempt and were Cormack and Lehane grade 1. In the ILM-LW group, the light point was seen at the suprasternal notch in all patients prior to capnographic confirmation of tracheal intubation. For both groups, blood pressure and heart rate were increased significantly by tracheal intubation compared with preintubation values (Figs 1 and 2 ). There were no significant differences in blood pressure or heart rate among the groups at any time. Oesophageal intubation occurred more frequently in the ILM-BL group (18 vs. 0%, p 0.002). The incidence and severity of sore throat and hoarseness were similar between the groups.
Discussion
Our data show that lightwand-guided intubation offers advantages over blind intubation via the ILM. By providing information about the location of the ILM, it allows adjusting manoeuvres to be made prior to attempting intubation. This reduces the time taken to successful intubation, the number of adjusting manoeuvres required and the frequency of oesophageal intubation. In addition, it also provides information about the location of the tracheal tube once it has been advanced. We had no false positive results for tracheal placement as judged by the presence of a bright light at the sternal notch. It has been shown that transillumination of the neck using a flexible lighted stylet can accurately and consistently position a tracheal tube at an appropriate distance above the carina [11] . Experience with the ILM-LW prior to the study suggests that oesophageal intubation is likely if the light fades after being advanced by 3±4 cm. The time difference to tracheal intubation (2) 17 (3) ILM-BL, blind intubation through the intubating laryngeal mask; ILM-LW, lightwand-guided intubation through the intubating laryngeal mask. was 20 s between the groups and may not be clinically relevant since the total time taken was generally , 2 min and patients could be ventilated between attempts.
In a noncomparative study of 105 patients using a different ILM-LW technique, Agro et al. reported a first and second time success rate of 40 and 60%, respectively, with a mean insertion time of 79 s [4] . The technique involved: (i) ILM insertion, (ii) manipulation of the ILM-LW until the lightwand was seen at the sternal notch, (iii) maintaining the ILM in this`optimal' position, (iv) withdrawing the lightwand, and (v) passage of the tracheal tube. Interstudy comparisons between the two lightwand techniques are difficult since Agro et al. used a size selection strategy based on the nose±chin distance, a different sequence of adjusting manoeuvres, the criteria for intubation time were different and the study was conducted on Caucasian patients, some of whom had difficult airways. Our success rates for tracheal intubation were similar to those of Joo and Rose [5] . All the failures in our study occurred in the ILM-BL group, but did not reach significance (p 0.09).
We found no differences in the haemodynamic stress response between the two groups, but there was a 10% increase in heart rate and blood pressure following intubation. Joo and Rose reported little change in blood pressure [5] . This may be related to differences in anaesthesia depth, the type of tracheal tube used or the timing of intubation. We showed no difference in postoperative pharyngolaryngeal morbidity between the two groups. The incidence of sore throat and hoarseness was similar to Joo and Rose [5] , although these authors used a visual analogue score for assessments. The incidence of sore throat and hoarseness was similar to some studies in which only the LMA was used [12] , although a much lower incidence has been reported by skilled users [13] . We removed the ILM following successful intubation since it exerts a high pressure against the pharyngeal mucosa [14] and it is likely that trauma will increase with time.
The incidence of oesophageal intubation using the ILM-BL technique varies between 1 and 8% [2, 15] compared with 18% in the current study. This may be related to differences in size selection, adjusting manoeuvres, under-reporting or the interpretation of`resistance'. It has been suggested that adjusting the position of the ILM to achieve an optimal seal before the first attempt at intubation improves the success rate [16] , but this remains unproven. There are no studies comparing different size selection and adjusting manoeuvres. The high incidence of oesophageal intubation for the ILM-BL technique suggests that capnographic confirmation of successful tracheal intubation is mandatory. The reason behind our adjusting manoeuvre strategy was to start with simple manoeuvres and to avoid size changes. The manufacturer recommends assessing the depth at which resistance occurs during the passage of the tracheal tube as a guide to selecting various adjusting manoeuvres, but this strategy remains unproven, commonly involves changing to a larger or smaller ILM (not always possible) and high success rates have been reported without following this strategy [3] .
We conclude that lightwand-guided intubation through the ILM is superior to the blind technique.
